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1.0 INTRODUCTION

The tables in this report give the response of various types of capacitors
to various transient gasma resdiation envirorments. The tables were generated on
the Burroughs B5500 digital computer at Stanford University. The parameters used
to characterizse the capacitors vere obtained from the TREE Handbook (Battelle Me-
morial Institute, DASA 1420, Feb., 1964) and "Analytical Methods for Predicting
Transient Nuclear Rediation Effects on Electronics Circuits and Devices,” (Boeing
Corp., RTD TDR-63-3007, July 1963). The capacitor parsmeters in these reports
represent only the average response of many similar capacitors to meny different
redistion enviromments. Unit-to-unit and manufacturer-to-msnufacturer variations
in the capacitors make it impossidble to predict the effects of radiation exactly,
80 these tables should be considered as giving only a "typical” response of the
particular capacitor to the given rediation envirorment. Assuming, however, that
the capacitor parameters from the above reports are exact, then it is believed
that the numbers given in the tadbles, with a few exceptions discussed later, are
accurate to three significant figures.

Additional tables are given at the end of this report. These tables give
the voltage left across a capacitor at various times after t=0 for a fixed resis-
‘tance shorted across the capacitor at time t=0. The purpose of these tables is to
help the design engineer simulate the effects of radiation. The organization and
use of these tables are described in later sections of this report.

2.0 ORGANIZATION OF TABLES

2.1 C_apcitor Tables

The one hundred forty-four capacitor tables in this report describe the re-
sponse of six different types of capacitors to twenty-four different radiation en-
viromments. The column headings in each table give the particular external circuit
time constant for vhich the column was calculated, and the row labels at the left in
esch table give the time after the initiation of the radiation event for which the
rov vas calculated. The numbers given in the tables are the voltages left on the
capacitor under the conditions described in the row, column, and table headings,
assuming the initial voltage to be one volt. Thus the organization of the capacitor
tables may be depicted schematically as in Figure 1.
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The radiation envirormsnts used are rather idealized versions of typical
flash x-ray, nuclear wveapon, pulsed reactor, or (vith reservations asbout the
effects of particle charge) pulsed accelerator transient rediation environ-
ments. The general form of the assumed e 'viromment is a short, high intensity
rectangular radiation pulse followed by lower level steady radiation (see
Pigure 2). It is believed that some sort of approximation to the environ-
ments listed above can be found either in the tables or by interpolating de-
tween tables. The twenty-four radiation enviromments are found by taking each
of the initial retes of 100, 101}, 10’2, and 10'3 Rads/sec amd for each initial
rete using each of the final rates of 0, 105, 10%, 10°, 10°, and 107 Rads/sec.
The 4 initial rates together vwith the 6 final rates give the 24 radiation en-

vironments for wvhich the capacitor tables are calculated.

The initial pulse is assumed to last for 25 nanoseconds. This duration
vas chosen because:

(1) 1t is convenient for numerical evaluations of the capacitor
discharge equations, and

(2) it approximately corresponds to the pulse length expected
from the Lockheed Missiles and Space Company 2 Mev flash x-
ray machine scheduled to be operational in April 1965.

Normalisation of the capacitor tables to different initial pulse durations is
discussed later.

The six types of capacitors chosen for inclusion in this report are those
on vhich adequate information is available in the TREE Handbook. They are, in
the oxder in vhich they appear in this report:

Cersmic capacitors (barium titanate)
Tantalum capacitors (solid)

Mica capacitors

Mylar capacitors

Paper capacitors (Vitamin Q)
0i1-Filled Paper capacitors (Gudeman)
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¢ It 1s hoped that this report will be kept updated as information on other
types of capacitors becomes availadble in the literature. In addition, present

. Plans call for characterization of certain types of capacitors, particularly
g¢lass and wet tantalum, on the IMSC 2 Mev flash x-ray facility mentioned abdbove.

In almost all practical applications of capacitors, the cepacitor will be
receiving charge from an outside circuit wvhile the radiation field is discharg-
ing it. For this reason, the voltage left on the capacitor is calculated in
these tables for s mumber of time constants of the external recharging circuit.
These time constants are infinity (open recharging circuit), RC = 10 sec, 1 sec,
100 ms, 1( ms, 1 ms, 100 us, 10 us, and 1 us. These mmbers form the column head-
ings in the capacitor tables. 1In order to keep the tables to a reasonsble, or in-
deed, finite, size, it was necessary to make the following assumptions.

(1) PFigure 3 shows the equivalent circuit of the capacitor. The
swvitch is assumed to close at time t = O,

(2) The battery V, and the resistance R represent the Thevenin
equivalent circuit of the capacitor driving circuit during
the radiation pulse, and do not change during the pulse; this
circuit includes any inherent capacitor leakage resistance.

(3) The battery voltage V, is the same before and during the 'ruu.-
tion pulse, and the capacitor is charged to Vo before the pulse
starts.

(4) The resistance R, may be different before and during the pulse,
but it must be possible to reasonably approximate it by a comstant
resistance during the pulse. The value of Ro during the pulse must
be used to calculate the time constant.

(5) Permanent radiation damage is neglected.

It is certainly true that most circuits will not exactly satisfy these as-
sumptions during the pulse, but it is also true that for most ceses these assump-
tions are quite reasonedle.

NS T
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Pgure'2s Rediation pulse assumsd in calculation
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Figure 31 Capacitor equivalemt cireuit, The switch
closes at the start of the rediation pulsec,



R é
St

v BT S M::

-

-6 -

The rov labels in the capacitor tables are the times after the initiation
of the rediation event for vhich the mmbers in the rov are calculated. The
first rov is at time t = O for vhich the capacitor voltage is dsfined to be 1
volt; the second rov is at 25 ns, the end of the first pulse, and the thind
through twenty-fourth rows are times during the second rediation rate, going
from 1 us to 10 sec in approximately logarithmic incremsnts.

2.2 RMesistance Simulation Tebles

The lut‘ nine tables are for the convenience of the designer in simulating
the effects of rediation.

3.0 USE OF TABLES
3.1 Cq!citor Tables

Consider the following problem: Find the best capacitor for vhich data is
available for use in a radiation environment consisting of an initial pulse of 101‘2
Rads/sec for 25 nsec followed by a constant rate of 10° Rads/sec. The tims constant
of the external charging circuitry is 10 msec and the circuit sust operate 100 msec
after the start of the radiation transient.

To solve this problem it is necessary to look up one data point for each type
of ;:upccit.or. First look in that table for cersmic capacitors vhich is cealculated
for an initial pulse of 1012 and a constant rete of 10° Reds/ssc. Looking at the
intersection of the 10 msec time constant column vwita the 100 msec time rov, ve
find that 99.2% of the initial capacitor voltage remains at 100 ms. Nepsating this
process for the other capacitors we get the following table:

Capacitor type Final voltage/initial voltege
Ceramic 0.992
Tantalum 0.932
Mica 0.997
Mylar 0.852
Paper 0.969
Oil-paper 0.826
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Thus wve would not vant to use oil-filled paper or mylar in this application.
Ceramic, mica, or possidbly peper would be the indicated dielectric for this
application, depending on the capacitance value needed and other circuit and

permanent damage consideretions.

A9 s second example consider the problem of interpolation. We might wish
to interpolate between any combination of initial rate, final rate, time constant,
or time. The two examples hgre will illustrate one possible technique of inter- }
polation for one variedble and for two variables. The technique illustrated may
be used for any varisble or combination of variables, but the amount of work in-
volved goes up exponentially with the mmber of variebles.

As a first example, suppose we wish to find the voltage on a ceramic capaci-
tor 1f the initial rsdiation rate is 10'° Rads/sec for 25 nsec., the final rate
1s 10° Reds/sec, the time of interest is 100 msec after the start of the radiation,
and the circuit time constant is 30 msec. There is a table for ceramic capacitors
in this rediation pulse, and the voltages at 100 msec are tabulated. However the
time constant of 30 msec is not included in this table. Thus it is necessary to
interpolate to get the voltage for a 30 ms time constant. At 100 ms after the

start of rediation the voltages left on the capacitor for various time constants

are’
Time constant voltage
1 msec 0.993
10 msec 0.932
100 msec 0.505
1 cec 0.141

These mmbers are piotted (on & semilog scale) in Figure 4. 1If a smooth curve is
dravn through the points, we find that the voltage left at 100 msec for a circuit
time constant of 30 msec is about 0.75 of the initial voltage.

To illustrate the graphical interpolation for two variables consider the above
prodblem, except make the final rate 5:105 M/lec. Nov we must interpolate for both
the time constant and the final rediation rate. One way of doing this is to repeat
the previous interpolation for several final retes and plot the voltage vs final
rate for a tims constant of 30 ms. The four curves in Pigure 5 shov the interpolation

.'Jt‘v -
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for the time constant of 30 msec for final rates of 10‘, 105, 106, and 107

Reds/sec. Figure 6 then plots the four voltages for & 30 msec time constant
vs the final rate. From this figure wve see that the voltage left is adbout 0.52
of the origimal voltage.

Obviously this same technique can be used for any mmber of variebles, and
the order in vhich the interpolations are made is not.too critical. The number
of points used is strictly a mgtter of judgement. I used four here simply to il-
lustrate that two might not be enough. Of course, there is no guarantee of accuracy
in these interpolations, but in view of the expected capacitor-to-capacitor response
variations, the accuracy should be quite sufficient for engineering use.

Another problem vhich might arise in the use of these tadbles is how do we
calculate the voltage left if the initial pulse has a different length than the
25 nsec used for the initial pulse used in these tables?! The answer is, very
simply, that if the initial pulse length is short compared to all capacitor and
circuit time constants, then the voltage at the end of the pulse is proportional
to the duration of the pulse. A good engineering approximation to the voltage
after any length of time can be made by plotting the case of interest from the table
with the initial pulse length equal to 25 ns and then plotting initial drop for the
other initial pulse length and making the voltage left at longer times assymtotic
to the first plot. An easy interpolation for the initial pulse magnitude may de
found from the fact that the voltage drop from the first pulse is proportiomal to
the delta'th powver of the initial rediation rate.

3.2 Resistance Simulation Tables

The purpose of these tables is to help the designer simulate the effects of
the radiation pulse in his circuit vithout actually irradiating the circuit. Con-
sider the swvitch in Figure 3 to be a relay and Rg to be a fixed resistor. Then we
might ask the question: for a particular capacitor type, a particular rediation
‘rate, a particular circuit time constant, and a particular time at vhich we are
interested in the performance of the circuit, vhat value of resistance should we
use in the above simulation to give the same capacitor voltage at the times of in-
terest that the rediation pulse gives? The resistance simulation tables are de-
signed to help answer this question. Each table is calculated for a different time

AN
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after the start of the radiation pulse. Across the tops of the tables are
various circuit time constants, corresponding to various Ro'l in Figure 3.

The rov headings are the time constants corresponding to l!. in Pigure 3. The
use of the tables is: Nrst, look up the capacitor voltage left at the time
of interest in the capacitor tables. Then go to the resistance table for the
time of interest and find the column corresponding to the circuit series time
constant. Follow this column down until the voltage shown is about equal to
the voltage found from the capacitor tables. The time constant at the left end
of the rov in vhich this number is found gives a value of resistance to use in
e circuit simulation.

As an example of this technique consider that we wish to simulate the dis-
charge of a mylar capacitor in a circuit with a series time constant of 10 msec.
The radiation enviromment is an initial rate of 1012 Reds/sec and the final rate
is 105 Rada/eec. The time of interest is 100 msec. PFrom the appropriate mylar
capacitor table we find that the voltage left under these conditions is 0.852 of
the initial voltage. Going to the resistance table calculated for 100 ms and
following the 10 ms time constant column down, we find that an equivalent fixed
resistance for use in a simulation circuit corresponding to Figure 3 would be one
that gave a time constant of between 1 and 10 ms and closer to 10 ms. If the capaci-
tor were 1 ufd, then the equivalent resistance would be between 1000 and 10,000 ohms,
and closer to 10,000 ohms.

L.0 ACCURACY OF TABLES

The resistance simulation tables are exact to the mmber of significant
figures given. It is believed that most of the numbers in the capacitance tables
are accurate to three significant figures assuming absolute parameter accuracy.
There are some erroneous points in these tables hovever. These errors arise be-
cause the numerical integration used in the computer program may run into inaccura-
cies under certain conditions. The integration routine used was a 201 point Simp-
son's rule procedure. There were no iterative or checking loops since experimen-
tation showed that 200 points were enough to make most points accurate and check-
ing vould add unconscionsbly to the camputer time. Errors in the tadble are fairly
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obvious. They may arise vhenever 1/200 of the time at which the number is cal-
culated is on the same order of megnitude as, or greater than some circuit or
capacitor time constant, but the capacitor has not yet reached a steady state.
Those numbers satisfying the above conditions which are in error may generally

be recognized because the rate of change of voltage in the table is faster than
seems physically reasonadble., Of course, variations in capacitors will give larger
errors than any in the tables. Also, most of the parameters were measured at rates
much lowver than the initial rates used here, Extrspolation of data to the higher
rates may also result in errors.

5.0 MATHEMATICAL IERIVATION

Consider the circuit in Figure 3. Assume that at time ¢ = O the switch is
closed. Then, from Kirchoff's current law:

1=, 41 . (1)

By the definition of a capacitor:

dve
L.=Cap (2)
and, from Olm's law:
vc
1. 'E; ’ (3)
vV -V
o c
10 -T . (l‘)
Thus:
V.-V v a v
gt (5)
(¢} (]
If we set:
CRO =Ty (6a)
CR. = T., (6b)
v
vg"3 ’ (6¢)
(-]
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then equation 5 becomes:

dx 1 1 1
.0 L U

Equation T is the basic differential equation wvhich must be solved to get
the transient response of the capacitor circuit. Assumptions listed in SBection
2.1 wvill be used. This means that any time variation in Equation 7 must de in

the 'r. term.

From the TREE Handbook, Ts is a function of time and is given bdy:

t
A
-}: = f(t) = K ¥ (t) + Kyy [ exp [""tv;d; t‘] vA(enat’

+ Ky “p[t"";Zt] v Seney (8)

vhere l(p, 4, l((u, Tay’ Kaoo and Tao ST parameters of the material used in the
capacitor dielectric, and y(x) is the radiation rate in Reds/sec st time x.
Equation T may be written to shov its time dependence as:

%4-:-:— + £ () --:',-. (9)

o o)

This is & linear, first-order differential eguation vhose solution may be written:

t
x(t) = 0*-:- oxp(‘/[%-ur r(t.)] dt.)]x-
[

o ( .f[.l...\», f(t)] at) , (10) .
T

Ve me——— ey
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vhere G 18 an albitrary constant selected to make x = x4 vhen t = 0; i.c. if
ve set:

P(t) = exp (ﬂ-}- + f(t)] at) , (11)
o]
then, at time toz
t
T x(t) = (g—y) (x F(0) + = / 0l"(t)dt-) ‘ (12)
o RTOT o T a

Bquations 8 and 11 may be solved to get F(t) in closed form. Two solutions
are necessary, one for times during the initial pulse and the other for times dur-
ing the final pulse. These solutions are incorporated in the computer program and
are used to mmerically integrate Equation 12, vhich has no closed form solution.

Equation 7 may be solved in closed form 1if T is constant. This solution
is, for x = 1 at t = O:

1l 1l 1l 1l
LY —exp[- (= + —)t]
L T, Ty

(13)

+
0 s

-lly-a
-t'p-o

The resistance simulation tables were calculated by substituting various values of
To! Tg? and ¢ in Bquation 13.
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APPENDIX: THE COMPUTER PROGRAN

The computer program used to calculate the capacitor tadbles was written
in the version of ALOOL used by the Burroughs B5500 computer. A listing of the
program is given in Pigure Al, and a general flowv chart is given in Pigure A2,
A description of the programming language may be found in Burroughs Corporation
Report §5000-21012, "Extended ALGOL Reference Manual for the Burroughs B5000."

There are a fev points vhich should be made for the benefit of anyons who
vishes t0 rewrite this progrem for another machine.

l. A lot of camputer time can bde saved by minimizing the number of
exponentiations required in the calculations. One way to help
attain this goal is to make use of the fact that e™ = (e*)" as
is done in several places in this program.

2. If integration or differential equation solving techniques are used
vhich adjust their step lengths until the errors are sufficiently
small, then each table would probedbly require hours of computer time.
This is because the step length will have to be less than the shortest
time constant in the problem. The technique used here is to nmotice
from Equations 12 and 8 that x approaches a constant at long times,
to replace divergent values with this constant, and to accept the
fev errors that occur. Computer time for one table was about 20
sec., On the faster machines, say like the INM 7094, it 1is estimated
that one table would take about 10 sec., exclusive of I/0 time.

3. Care should de used in factoring cerms like

Jlat - bt)
into
.ut .-bt
as it is easy to run into situations such as
6
Jo8 10

in these calculations, giving sagnitudes vhich no computer can handle.

_— e — = - - Ve - v —— -y
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‘ ) BEGIN COMMENT TRANSIENT RADIATION CN CAPACITORS PROGRAM)
INTEGER N» 11y JJ» KK3
{ COMMENT N IS NUMBER OF INTERVALS FOR SIMPSONS RULE AND MUST BE EVEN
‘ 11 1S THE NUMBER OF CAPACITOR TYPES JJ IS THE NUMBER OF INITIAL RAT
t €S KK I8 THE NUMBER OF FINAL RATESS
] READCIN, 11s JJr XK)) '
BEGIN REAL QO) l
| ARRAY 24, 20(0 ¢ 23))
. REAL WA» WB» NT)
ARRAY 22210 & 8))
: ARRAY RTIM, TIMCO ¢ 230, OUTP, X0» TAURECCO 1 8), INGR, EA» EO»
: TTCO ¢ N)y» OLA» KPAy KAA, TAA» KBA» TBACO ! 11)s INRA, TIMRA(O
8 JJ)» FINRALO ¢ KK
ALPHA ARRAY ALLPCO 9 2335 ALFYLO 8 11s O 8 Q) ALFRALO ¢ JJ))
i S00LEAN BOLA, B0LB)
: INTEGER I, Js» Xs» Ls LL» LLL?
REAL KP, DEL» KA, TA» XB8)» T8B» Sa, SR, Ay B» C» O» AA, BB, CC»
‘ AAA, 888, CCC» OAs» 08» XY» VA, VA)

N e oty P = e @

FORMATY

FOACX19,"THIS TABLE IS THE CALCULATED TRANSIENT RADIATION RESPONSE®//
X32,%"0F A ",5068//

X28o"THE CAPACITOR PARAMETENRS USED AREs™/

N1 o"KPo™,E11,8," KOD18™,FC11,8," KD20",E11,4/

X10o"ODELTAS™E11,89" TO10",E11,8," T02¢"sE11.48//

X14,o"THE RADIATION PULSE IS"sE11¢48," RADS/SEC FOR™,E11,4," SEC"/
X20,"FOLLONED BY A CONSTANY RATE OF"™sC11.8," RADS/SEC™//

X13o"TAU IS THE TIME CONSTANT OF THE CAPACITOR CHARGING CIRCUIT,." /)
i t:g.(ll.a'?“ﬁ VALUES GIVEN ARE THE RATIOS OF THE CAPACITOR VOLYAGE AT TH
N22,"TIME INDICATED TO THE INITIAL CAPACITOR VOLTAGE"™ /), i)
’ FOCIX22,"TAU (TIMNE CONSTANT)I™/

X18o"INF", XS, "10 SEC"sXA»"1 SEC"sX2,%100 MS™sXA,"10 MS", XS, '

"1 NE®HXI»™100 US"»XAr™10 US"HXS»™1 US®/"TINE"), ‘
FODCAG,X3,9CF6.4,X3))) _ . . '

P o S~

-— e e — —— a——
———

FILL RTIMC®) WITH Os 0s P=6, 204, S@eg, 63, 20°5, 58-S, @<i, :
20=8, S0=4, 0°3) 2023, 50=), 0=2, 20=2, S50°=2, 0=1, 20°1, 5 1) ‘
2» 9 10}

FILL ALLPC®) MITHM ® 0 ™5 "XXXXXX®, ® § Us®, ® 2 ys"»,

" 8§ Us", " 10 US™s " 20 US™, ™ S0 US™, "100 US™, "200 US™,

"S00 US™, ™ | MS™, ™ 2 MS®, " § ygw, " {0 M3%, ® 20 MS",

" S0 MS®, "100 MS™, "200 MS™, "800 MS®, ® { § ", » 2 g =,

" § g%, ® 108 ") .
FILL TAURECC®) WITH O» ,1» 1» 10» 100, 1000, 04, €S, 063 - :

A EALO) ¢ EOLO) ¢ 1,03

| 17C0) ¢ Q)

- 2AC0) ¢ Z8(0) ¢ 1,09

' READCFOR I ¢ 1 STEP 1 UNTIL II NOCFOR J ¢ O STEP 1 UNTIL & CO
ALFYCI» J)» OLACT)» XPAQI), KAACTI), TAACI)» KBACI), TBACINY))
READCFOR [ ¢ 1 STEP 1 UNTIL JJ OOCINRACT)» TIMRACE)S ALraA(tJl)y

, READCFOR I ¢ 1 STEP 1 UATIL KK DO FINRACI)))
FOR L ¢ § STEP 1 UNTIL 11 00
. BESIN KP ¢ KPALL))
4 DEL ¢ OLA(L)) ;

[ J
- > -re - -l - E . - [ _ N . ‘

Figure Als Progrea listing (page 1 of 3)
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¢ KAALL)S
¢ KBACLL)S
¢ TAALLY)S
¢ TOACL)YS

BOLA ¢ KA s 0O}
80LO ¢ kKB s 0)

¢ KA x TA)
¢ KB x T8)

FOR LL ¢ 3 STEP § UNTIL JJ 00O
BEGIN TIMCL1) ¢ RYINCI) o TIMRACLL))

ALLPLL) ¢ ALFRACLLY)
ZACL) ¢ JF BOLA THEN 1.0 ELSE CXP(= TINV(
20C1) ¢ IF BOLO THEN 1.0 ELSE EXPC= TIng
FOR ] ¢ 2 STEP 1 UNTIL 23 00
GEGIN TIMNCEI) ¢ RTINIIY © TINMC1)S
ZACTY o IF Q0LA THEN 1,0 ELSE EXPC= TINCI) /7 TAY)
£ ZO(1) ¢ IF BOLE THEN 1,0 ELSE EXPC= TEINCL) 7 T8))
NO)
OA ¢ INRAQCLL) ¢ DEL)
O ¢ 88 ¢ A x TA » OA)
C ¢ CC ¢ 83 x T8 = 0OAY
A ¢ AA ¢ OA x(KP 4 SA + S8))
FOR LLL ¢ 1§ STEP § UNTIL xx DO
BEQGIN 00 ¢ FINRACLLL)Y ¢ DEL?
AAA ¢ 08 x(kP ¢ SA ¢ $0))
BB8 ¢ IF BOLA THEN O ELSE 84 x TA u¢00 = CA m(] = EXP(
o TIN(L1) 7 TA))Y)
CCC ¢ IF BOLO THEN O ELSE SO = 79 n¢00 = 0A n(§ = EXP(¢
o TIN(L1) 7 TO))))
WRITECFOA» FOR [ ¢ O STEP ¢ UNTIL & 00 ALFY(IL, 1)» KPo»
KAy KBy DEL» TA» TB» INRACLLI, TIMRACLL), FINRACLLLY)S
WRITECFOB))
WRITECFOC))
WRITECFQOD, ALLPCO)s 10 15 19 10 19 10 15 10 1))
A ¢ AA)
B ¢ 80)
C ¢ CC»
22210) ¢ O)
FOR [ ¢ 1 STEP § UNTIL 0 DN 222€1) ¢ TAURECCE) /¢
TAUREC(]1) ¢ AMA))
FOR [ ¢ O STEP ¢ UNTIL @ 00 %0C1) ¢ QUTPLLI) ¢ 1,0)
FOR [ o ¢ STEP § UNTIL 23 0O
GEGIN WY ¢ TINCI)S
WA ¢ ZACLY)
we ¢ 20CIN)
TT(1) ¢ XY o NT 7 NI
VA ¢ CEAC1) ¢ IF BCLA THEN 1,0 ELSE EXPCe XY 7 TAX)
VO ¢ EBC1) ¢ IF OCLB THEN 1,0 ELSE EXPCe XT /7 T0))
FOR J ¢ 2 STEP 1 UNTIL N 0O
GCEOIN EALJ) ¢ EALY = 1) n VA)
€otJ) ¢ E8LY = 1) x VO)
TTCJY ¢ TTLY = 1) ¢ XYY
END FILLING OF TIVE ARRAYS)
FOR J o 0 STEP 1 UNTIL N DO INGREY) o EXP(D =(EALJ)
o WA) o C xn¢EBCJ) = wO)))

- e b Ghro@iPugs » - . wdP P e
.

1) 7 TA))
1) 7 T80

Pigure Als Program listing (page 2 of 3)
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p
t\h‘
FOR J ¢ 0 STEP 1 UNTIL 8 DO
OCEGIN 0@ ¢ QUTPLJY)
0 ¢ TAURECLYY)
' EA(N) ¢ 1,00
VA ¢ EACN = 1) ¢ EXP(= XT u(0 ¢ A)))
TOR X ¢ A = 2 STEP = ¢ UNTIL 0 00 EACK) ¢ EA(LK ¢
1) % VA)
VA ¢ EACO) x INGRCO) o EACND x INGRIND)
Ve ¢ 0O)
FOR X ¢ § STEP 2 UNTIL N = 1 00 VB ¢ V@ ¢ INGR(x
) n EALK]Y) N
VA ¢ 4,0 % vB ¢ VA)
£ ve ¢ 0)
FOR X ¢ 2 STEP 2 UNTIL N = 2 DO VD ¢ VB ¢ INGR(K
] x EA(K]))

VA ¢ XT = D x(2,0 = VB ¢ VA) /7 )
QUTPLJ) ¢ XOtJ) x EXPCe WT %C(D ¢ A) ¢ B8 x(f = wA
) ¢ C u(y1 = WB)) ¢+ VA)
IF 1,0 ¢ QUTPLJY)] THEN OUTPCJY ¢ 222LJ) ELSE IF 2
¢ | AND CUTPLJ) > 222(1J) AND QQ S 222(J) THEM
OUTPLJ) ¢ Z212t4))
END FIX TINE VARY TAY)
WRITECFND, ALLPLI), FOR J ¢ O STEP § UNTIL 8 0O
guTPLI))
I 1 s { THEN
BEGIN A ¢ AAA)
8 ¢ 86K8)
C ¢ CCC)
FOR J ¢ O STEP § UNTIL 8 DO XO0tJy) ¢ QUTP(Y)S
END COEFFICIENT CHANGE) '
_ END STEP THROUGHW TINME) '
. WRITERPAGEY))
END FINAL RATES)
END INIVTIAL RATES)
END CAPACITORS)
END INNER BLOCK)
En0.,

ce® e mmm— e - - » B T o o . P

Jgure Al:  Progrea listing (page 3 of 3)




{
@—q Select next capacitor type.

b
@—“ Select next final jlto.

2.0

Read: n = # intervals for Simpsons
rule integration

11 « § capacitor types
- 3J = # 1nitial rediation rates
kk = # final radistion retes
capacitor parameters (11 sets)
initial rate info. (JJ sets)
final rate info. (kk sets)

|

Initialiszse variables. Calculate all
nusbers which vill not change with
cap. type, int. rate, final rale,
time constant, or times.

Calculate all numbers vhich do not
change with int. rate, fimal rate,
time constant or time.

¢

Select next initial rate.

i

Calculate all numbers vhich 4o not
change with final rate, time
constant, or t.me.

Calculate all mmbers vhich do not
change with time constant or time.

1

Write: Tadle headings; rov for
t‘. L] 00

g to

Page 2
Ll

Figure A2: Progrea Flov Chart (pege 1 of 3)




Select next time.

pearts of integrand, wvhich 4o not
change with time constant.

4

Select next time constant. J

Pinish Simpson's rule integration;
Calculate output number.

T

=

Write: Output rov for time used
in calculations.

b

.

Change parameters to final rate
parameters.

B

=

8kip to top of next printer page
for nev tabdble.

go to
Page 3
Ll

Pigure A2: Progrem Flov Chart (Page 2 of 3)

__'2<. Bave all time constants been used? >

b Was calculation for initial rate
only?

1
l‘°<- Have all times been used? >

- e mer———



L YiEn

Have all final reates
been used?

yes

)

o) Bave all initial retes
been used?

yes

?

j0 W no Have all capacitor types
been used?

yoi

Pigure A2: Progrem Flov Chart (pege 3 of 3)
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